We have investigated whether early anatomical open reduction and internal fixation (ORIF) reduces the incidence of complications of fracture of the femoral neck in children, including avascular necrosis, compared with closed reduction and internal fixation (CRIF ORIF gives better reduction with fewer complications, including avascular necrosis, than does CRIF in fractures of the femoral neck in children.
Displaced fractures of the femoral neck in children are rare. They are associated with a high rate of complications, the most serious of which is avascular necrosis (AVN). [1] [2] [3] [4] It is not clear from the literature whether or not the method of treatment affects the complication rate.
We have therefore attempted to determine whether early anatomical open reduction and internal fixation (ORIF) decreases the incidence of complications, compared with closed reduction and internal fixation (CRIF), by analysing a consecutive series of displaced fractures of the femoral neck in children.
Patients and Methods
After obtaining informed consent from each patient's parent(s) or guardian(s) and the approval of our Institutional Review Board, we retrospectively reviewed 27 fractures in children (11 boys, 16 girls) under 16 years of age seen in our hospital over a period of 18 years from February 1989 to March 2007. The fractures were classified according to the Delbet system as described by Colonna. 5 We included 15 type-II and 12 type-III displaced fractures in patients who had been clinically monitored for a mean period of 33.7 months (16 to 156). Undisplaced fractures, pathological fractures and extra-articular type-IV fractures, were excluded. We recorded the patient's age, the degree of initial displacement, the type of fracture, the timing of surgery and the method of treatment.
Between 1989 and 2002, we routinely performed ORIF for displaced fractures of the femoral neck. We did not attempt closed reduction in order to avoid damaging the intracapsular vessels before surgery. After careful positioning of the patient on the fracture table the hip was exposed through a Watson-Jones approach and a longitudinal capsular incision to the anterior aspect of the femoral neck exposed the site of the fracture. After evacuation of the haematoma, a slow, gradual reduction was completed under direct vision. The capsular incision was not closed. Anatomical reduction was confirmed by fluoroscopy before internal fixation.
We considered the possibility that ORIF might represent overtreatment, with an unnecessary incision. Therefore, between 2003 and 2005, CRIF was the preferred treatment. We did not carry out additional procedures such as aspiration or capsulotomy of the hip to reduce the intracapsular pressure. In 2006, we reverted to ORIF as the preferred procedure because we encountered several complications with CRIF. After reduction, fixation of the fracture was achieved using cannulated screws in 17 patients, Kirschner (K)-wires in four, cannulated screws combined with K-wires in three, and Knowles pins in two and a compression hip screw in one. In addition, we used hip spica casts in 11 patients to avoid further displacement.
We evaluated the quality of the reduction for all the fractures and divided them into three groups as follows: those with anatomical reduction, with no displacement or angular deformity; those with acceptable reduction (displacement of < 2 mm or angular deformity within 20° of the normal neckshaft angle on anteroposterior and axial radiographs) and those with unacceptable reduction (displacement of > 2 mm or angular deformity of > 20° on anteroposterior or axial radiographs). We assessed the final results using Ratliff's method. 1 The cases were divided into the ORIF and the CRIF groups and into two groups according to the end results (satisfactory or unsatisfactory). The satisfactory group were graded as satisfactory according to Ratliff's assessment and had no complications, and the unsatisfactory group were graded as fair or poor or who had complications.
Results
Of the 27 fractures, 15 were type II (8 ORIF, 7 CRIF) and 12 were type III (7 ORIF, 5 CRIF). The mean age of the patients at the time of fracture was 9.7 years (5.0 to 15.0) for those treated by ORIF and 10.1 years (5.0 to 16.0) for those treated by CRIF. The mechanisms of injury included traffic accidents in 14 fractures, slips in seven, falls in five, and assault in one. Of the 27 fractures, 22 were totally displaced (12 ORIF, 10 CRIF) and six were partially displaced (3 ORIF, 3 CRIF) with the degree of displacement ranging from 10% to 60%. A total of 24 patients (12 ORIF, 12 CRIF) had surgery within 24 hours of the injury, but in three ORIF was delayed because of a delay in arrival at the hospital and extensive associated injuries.
In terms of the quality of reduction, 14 of the 15 fractures (93.3%) treated by ORIF achieved an anatomical reduction (Fig. 1) , with one an acceptable reduction. Out of 12 fractures treated by CRIF, three (25.0%) had an anatomical reduction, eight an acceptable reduction (66.7%), and one (8.3%) an unacceptable reduction. Of 15 fractures treated by ORIF, 14 (93.0%) had a good result and one a fair result. Of 12 treated by CRIF, seven (58.3%) had a good result, two (16.7%) fair, and three (25.0%) a poor result. There were seven complications in five patients treated by CRIF, with some having more than one complication (AVN in two cases, nonunion in two, and coxa vara in two; Fig. 2 ).
Discussion
Because fractures of the femoral neck in children are so rare, it takes some time to accumulate sufficient cases for a meaningful study. 6 Variation in the reported rate of AVN and lack of statistical evidence have minimised the prognostic power of individual studies, especially regarding the method of treatment. The role of surgical treatment in the development of AVN is difficult to assess because of the variation in treatment protocols and surgical technique. Only 20 of 275 reports have provided patient-level data and could be included in a meta-analysis. 7 We had homogenous data for a comparative study between two groups treated by ORIF and CRIF. Displaced fractures of the femoral neck are associated with a high rate of complications. [1] [2] [3] [4] 6, [8] [9] [10] AVN is the most serious and has been reported to have a variable incidence, 1-4 depending on several factors including age, 7,11 the degree of initial displacement, [2] [3] [4] 6, 8, 9 the type of fracture, 6, 7, 12 the time of surgery, 1, 7, 11 and the method of fixation. 1, [12] [13] [14] [15] However, there have been no reports relating the incidence of AVN to the method of treatment and the quality of reduction.
There is some published evidence that the type of initial treatment has little effect on the incidence of AVN. 2, 4, [6] [7] [8] [9] 12, 16 If this were true, the incidence of AVN between series would be similar regardless of the method of treatment. However, this is not the case and it is difficult to explain the reason for the extreme range of incidence reported, from 0% to 92%. 11, 14 Our results suggest that capsulotomy with early ORIF may be effective in reducing this incidence. Several recent studies have reported more favourable results following early anatomical reduction and stable internal fixation but no consensus has been established. 1, 7, 8, [12] [13] [14] [15] A few studies have shown that the type of treatment has a greater influence on the rate of complications than the characteristics of the fracture itself, 12, 14 and reports of these studies have provided detailed descriptions of methods of treatment and the quality of the reduction. 11, [13] [14] [15] However, no reports have indicated that the method of reduction influences the outcome. In reviewing the literature on AVN after immediate ORIF, we found no assessment of the factors which influence the outcome such as the time from injury to treatment, the frequency of attempted closed manipulation, the surgical technique, and the quality of reduction.
In actual practice, the decision about whether to use CRIF is difficult. The surgeon must consider what constitutes an adequate reduction, how many times closed manipulation should be attempted and which is the most appropriate surgical technique to use. Even with repeated manipulation, acceptable alignment cannot always be achieved. Furthermore, fluoroscopic views cannot be relied upon to give an accurate assessment of the quality of reduction of the fracture.
It is difficult to know how much such manipulation further jeopardises the vasculature (Fig. 1) . We believe that gradual reduction under direct vision with an open method is safer than forceful repeated closed reduction.
Our results are similar to those achieved with the recent treatment methods for fracture of the femoral neck in young adults, in which the goals of treatment include early diagnosis, early surgery, anatomical reduction, capsular decompression and stability of the fracture. 17 Despite our experience being limited to a small group of patients, our results validate the hypothesis that anatomical ORIF is a more reliable form of treatment than CRIF for displaced fractures in children, producing good results and reducing the rate of AVN and other complications.
Supplementary material
A table showing the details of the 27 patients with displaced fractures of the femoral neck is available with the online version of this article on our website at www.jbjs.org.uk
